Step Test (ESST), and Illinois Agility Test (IAT) have been used to assess agility in athletes and nonathletes; however, the reliability and validity of these tests have not been established. The purpose of this study was to establish the reliability and convergent construct validity of the ESST, TTest, and IAT in young, nondisabled, physically active male servicemembers (SMs). Ninety-seven male Active Duty U.S. Army SMs completed the study. Statistically significant differences were not found between the ESST (p = 0.10), T-Test (p = 0.09), and IAT (p = 0.23) when administered twice within a 24 to 48 h period. These tests were found to have excellent interrater reliability and moderate to good test-retest reliability. A good positive relationship exists between the IAT and T-Test (r = 0.76, p < 0.001) and a moderate negative relationship exists between the ESST and both the T-Test (r = 0.69, p < 0.001) and IAT (r = 0.65, p < 0.001). The results suggest that these tests are valid measures of agility that uniquely assess movement in different planes, thus providing a comprehensive assessment of high-level mobility.
INTRODUCTION
Agility has been defined as the ability to maintain a controlled body position and rapidly change direction without a loss of balance, body control, or speed [1] [2] . The components of agility have been defined as balance, coordination, power, and speed [3] . It is essential for elite, recreational, and "tactical" athletes who require the ability to rapidly change directions in all planes for sport or work. Benefits from improved agility include increased body control during fast movements, increased intramuscular coordination, and decreased risk of injury or reinjury [2, [4] [5] . A variety of tests have been designed to assess agility; however, few have been established as reliable or valid measures for young adult males, and the relationship between tests has not been established. Current measures assess one or multiple components of agility, including unidirectional, bidirectional, and multidirectional movements, which may or may not include retropulsion and rapid acceleration and deceleration transitions when changing direction [4, 6] . Examples of agility tests include the Hexagon Test, 505 Agility Test, 40 yd Shuttle Run, and T-Test [5, 7] . There appears to be inconsistency with regards to administration of many agility tests, including the T-Test [2, 6, [8] [9] [10] . Pauole et al. examined the T-Test, as described by the National Strength and Conditioning Association [11] , concluding that it was a reliable and valid measure of sprinting speed, lower-body power, and agility and predictor of sports performance in nondisabled college-aged men and women [4] . The Edgren Side
Step Test (ESST) assesses an individual's agility in the lateral direction [12] [13] [14] [15] [16] [17] . The ESST was first introduced in the literature in 1932 by Harry D. Edgren to assess lateral mobility in basketball players; however, statistical metrics were not established. The ESST has been found to be a valid measure of off-ice lateral agility in hockey players [13] [14] . Because the ESST is a popular test of agility, there is a need to establish its consistency and validity with specific groups [11] . The Illinois Agility Test (IAT) was introduced in 1942 as a test of motor ability, particularly running and dodging agility in nondisabled individuals [18] [19] . Distinct characteristics of the IAT include a prone start position followed by a rapid transition to standing, followed by a combination of multidirectional maneuvers around obstacles. Excellent within-day reliability (r = 0.98, p < 0.001) was established with a variation of the IAT in semiprofessional rugby players, using a shorter course, unknown performance surface, and without the prone to standing start [20] . Numerous authors have described the IAT as a measure of multidirectional agility for a variety of sports without establishing the prerequisite performance metrics [2, 12, [20] [21] [22] [23] [24] [25] [26] .
Although the ESST, T-Test, and IAT have been described in the literature, discrepancies do exist with regard to the test layout, administration, and scoring, suggesting a need to establish a standardized means of testing that is also proven to be reliable. Moreover, the question of whether multiple agility tests for comprehensive assessment are needed or a single test is sufficient because few differences exist between tests has never been addressed in the literature. In other words, would measuring movement in one or two planes suffice for agility testing or must all planes be assessed to ensure proficiency of mobility? Finally, agility tests are commonly used in sports for athletes but rarely used in the military or in clinical situations. Because servicemembers (SMs) are largely considered tactical athletes, there is a need for a set of selected agility tests appropriate for this population in the clinical environment.
The establishment of a series of reliable and valid tests of agility capable of assessing three distinct patterns of movement in the uniplanar, biplanar, and multiplanar directions would provide a comprehensive assessment of high-level mobility. Furthermore, a performance-based set of measures enables clinicians to establish baseline high-level mobility capabilities; quantify changes in performance over time; and in the event a premorbid test was performed, assist in determining readiness to return to sport or activity.
The primary purpose of this study was to establish the interrater and test-retest reliability of the ESST, TTest, and IAT in a nondisabled population of male Active Duty (AD) U.S. Army SMs and determine convergent construct validity of the ESST, T-Test, and IAT by examining the relationship between these three tests. We hypothesized that (1) the tests would present with excellent interrater and test-retest reliability when administered by two raters simultaneously and independently and when performed twice within a 24 to 48 h period, and (2) the ESST, T-Test, and IAT would prove to be valid but different measures of lower-body agility. A moderate correlation was expected between the ESST, T-Test, and IAT because they measure similar but different agility competencies. The secondary purpose of the study was to determine the standard error of measurement (SEM) and minimal detectable change (MDC) for the ESST, T-Test, and IAT for this population of nondisabled athletic male SMs.
METHODS

Subjects
A convenience sample of participants was recruited from U.S. Army base Fort Bragg, North Carolina. Individuals were included in the study if they were male, between 18 and 40 yr old, and on AD. Participants were excluded if they had a physical profile at the time of enrollment (a physical profile is defined as any condition associated with an illness, injury, or surgery that requires the SMs to be restricted from returning to full-functional duty). Specifically, participants were asked whether they had recently experienced any increase or decrease in body weight or difficulty sleeping, in addition to other relevant health-related questions.
Participants provided demographic information regarding age, education, ethnicity, race, and weekly exercise and physical fitness routines. Anthropometric measurements such as height, weight, and waist circumference were obtained by the same investigator.
Testing Procedures
The tests were performed at an indoor gymnasium with wood flooring during the normal working day hours of 7:30 a.m. to 4:30 p.m. Water stations were located in the staging and testing area for hydration purposes. The participants were given 10 min to prepare for the tests by performing exercises from a printed dynamic warm-up protocol specially designed by military medical and exercise experts familiar with military fitness programs. Subjects were asked to repeat the same warm-up on both testing days. The order of administration of the three tests was ESST, T-Test, and IAT. This order was based on test direction, progressing from the uniplanar movement of the ESST to the biplanar movements of the T-Test and concluding with the multidirectional movements of the IAT. The participants were randomly assigned to two trained raters who simultaneously observed and independently recorded all testing results. Rater 1 read the scripted instructions for each test, while rater 2 walked the test to ensure that each participant understood the test pattern and how to perform the test but did not witness any possible movement strategies.
Raters did not verbally motivate or offer performance enhancement suggestions. Both raters timed or scored the participant's performance separately and were always blinded from each other's recording sheet. Participants were asked to perform each test twice, with the best score of the two trials selected for data analysis. In the event a participant was unable to complete a test in two trials because of a disqualification or a fall, a third trial was permitted. All participants recorded a score for all tests. A 60 s rest period was given between each trial, and a 2 min rest period was given between each test. According to Wathen and Roll, a relief ratio of 1:3 is suggested during anaerobic interval training [27] . We established a range from 1:3 to 1:6 between trials (60 s) and a range from 1:6 to 1:12 between tests (120 s). The entire testing session, including rest periods, was less than 9 min. This amount of physical exertion fell well below the 60 to 90 min of daily physical training customarily performed by the SMs [28] . A rest period of 24 to 48 h between trials was also consistent with the training regimen of AD SMs [28] . Participants were tested twice within a 24 to 48 h period by the same rater team.
Outcome Measures
Prior to testing, all tests were reviewed to identify any variations found with respect to test description and administration found within the literature. The team met to review all discrepancies and to standardize the testing procedures, including course layout, specific verbal instruction scripts, and scoring. The following description of each test discusses the modifications that were introduced with the goal of standardization of tests while maintaining the original authors' intent for each test.
Edgren Side Step Test
The ESST was administered using a version standardized from previous literature [8] [9] 11] . The units of measurement were changed from feet to meters, resulting in a slightly longer course of 4 m in length with four 1 m (3.28 ft) increments. The starting position was changed from the center cone to the far left cone in order to standardize the starting position, and each 1 m increment was marked with a strip of tape and a cone, which allowed for easier scoring of the test (Figure 1) . The raters were positioned in front of and behind the participant. The participant began in a standing position behind the far left cone and was instructed not to cross his feet while sidestepping. On the "go" command, the participant sidestepped to the right until his right foot had touched or crossed the outside cone or tape mark. The participant then sidestepped to the left until his left foot had touched or crossed the left outside cone or tape mark. The participant sidestepped back and forth to the outside cones as rapidly as possible for 10 s. The participant is given one point per completion of each 1 m increment marked by a cone or tape mark. If the far end lines were not reached, those points were not awarded. A subject was given a score of 0 if he failed to keep his trunk and feet pointed forward at all times, crossed his legs, or did not complete the course successfully.
T-Test
The T-Test was administered using a version standardized from previous literature [2, 11] . The units of measurement were changed from yards to meters, creating a 10 × 10 m course. The course procedure of having the participant touch each cone is not standardized in the literature; therefore, the task was eliminated. The directions adopted for this study were based on Miller et al. [2] . On the "go" command, the participant (1) ran or moved as quickly as possible forward to the center cone, (2) sidestepped to the right 5 m to the right cone, (3) sidestepped to the left 10 m to the far left cone, and then (1) sidestepped back to the right to the center cone (Figure 2) . The participant then ran or moved backward as quickly as possible to cross the finish line. The raters began the stop watch on "go" and stopped when the participant broke the plane of the finish line. The time to complete each trial was recorded in seconds. Disqualification was determined if the participant failed to run the course as instructed, failed to reach the finish line or complete the course, moved any cones, did not keep his trunk and feet pointed forward at all times, or crossed his legs more than once when sidestepping. If a participant did not complete a trial successfully, a score of 0 was given.
Illinois Agility Test
The IAT was administered using a version standardized from previous literature [1, [18] [19] [23] [24] . The length of the IAT was originally set at 30 ft, which was increased slightly to 10 m for ease of test administration. The IAT course was marked by cones, with four center cones spaced 3.3 m apart and four corner cones positioned 2.5 m from the center cones (Figure 3) . The participant began the test lying prone on the floor behind the starting line with his arms at his side and his head turned to the side or facing forward. On the "go" command, the participant to his feet and ran or moved quickly forward to the first tape mark. Participants were required to touch or cross the tape mark with their foot. The participant turned around and moved back to the first center cone, where he weaved up and back through the four center cones. The participant then ran or moved as quickly as possible to the second tape mark on the far line. Again, participants were required to touch or cross the end-line tape marks with their foot. Lastly, the participant turned around and ran or moved as quickly as possible across the finish line. The time to complete each trial was recorded in seconds. Disqualification was determined if the participant failed to run the course as instructed, failed to reach the end lines, failed to complete the course, or moved any cones.
Data Analysis
Data was entered into Excel worksheets (Microsoft; Redmond, Washington), and analysis was performed on SAS version 9.13 (SAS Institute Inc; Cary, North Carolina). Descriptive statistics were used to characterize the study participants via their obtained demographic and anthropometric information. The best performance of the participants was chosen from among the completed trials for each test using rater 1 data from sessions 1 and 2. This was used to determine the mean ± standard deviation (SD) and range of scores for each test. Student paired t-test was used to determine whether test familiarity occurred when participants performed the agility outcome measures twice within a 24 to 48 h period. Rater 1 data for sessions 1 and 2 were used to determine whether significant differences were found between performances of the agility tests (p  0.05).
The interclass correlation coefficient (ICC) was calculated to determine the interrater and test-retest reliability for the ESST, T-Test, and IAT using Model 2.1. We reported 95 percent confidence intervals (CIs) for all ICC values. For interrater reliability, comparison of agreement was analyzed between raters 1 and 2 for session 1. For testretest reliability, comparison of agreement was analyzed between sessions 1 and 2 for rater 1 of each rater team.
The SEM is defined as the determination of the amount of variance or spread in the measurement error of a test [29] . The SEM for each of the agility tests was calculated using the test-retest reliability coefficient (r) and SD of the agility tests for rater 1, session 2 data for the study participant (Equation (1)):
The MDC is a statistical approach to determine the responsiveness of a test. The MDC for the ESST, T-Test, and IAT was calculated using the following formula (Equation (2)):
The z-score represents the CI from the normal distribution. We used 95 percent CI for the study population, making the z-score = 1.96. The SD was used from session 2 data. The ICC was used from the test-retest reliability results. A multiplier of the 2 was used to account for the increased error in calculating the test-rest reliability with two different data sets at two different points in time [30] [31] .
The Pearson product-moment correlation coefficient was used to determine the convergent construct validity between ESST distance, T-Test time, and IAT time. Fair degree of relationship is an r-value between 0.26 and 0.50. A moderate to good degree of relationship is an rvalue between 0.51 and 0.75. A good to excellent degree of relationship is an r-value between 0.76 and 1.00.
RESULTS
A convenience sample of 97 participants completed both testing sessions. Table 1 describes the baseline characteristics of the study participants. The mean ± SD age, height, weight, and number of days trained each week were 26.2 ± 5.5 years, 177.92 ± 6.47 cm, 82.26 ± 10.54 kg, and 5 ± 0.8 days, respectively. Approximately half of the participants were married (51%) and a greater number had completed at least 1 yr of college (60%) and were white/Caucasian (80%). The majority of the participants were enlisted soldiers (91%) with the minority being warrant and commissioned officers (9%). Table 2 describes the mean results for ESST distance, T-Test time, and IAT time. Significant differences were not found between agility test performance when comparing sessions 1 and 2. These results suggest that test familiarity or a learning effect did not occur when these participants performed these agility tests twice within a 24 to 48 h period. Of the 97 participants tested, 92 performed the tests twice within a 48 h period. Five participants, due to a conflict in scheduling, rested 24 h before performing the tests the second time. These five participants were part of a graduating Special Forces class.
The ICC values for interrater reliability for the agility tests ranged from 0.92 for the ESST to 0.99 for the IAT. The ICC for test-retest reliability of the agility tests ranged from 0.62 for the ESST to 0.83 for the T-Test. (Table 3) The SEMs for the ESST, T-Test, and IAT were determined using each measure's test-retest reliability coefficient ( Table 3 ) and SD ( Table 2 , session 2 results). The SEMs for the ESST, T-Test, and IAT were 1.41 m, 0.40 s, and 0.65 s, respectively. The MDCs for the ESST, T-Test, and IAT were 3.91 m, 1.10 s, and 1.80 s, respectively ( Table 4) .
The Pearson product-moment correlation coefficient indicated that a good positive relationship existed between T-Test and IAT performance (r = 0.75, p < 0.001) and a moderate negative relationship existed between T- Test and ESST performance (r = 0.69, p < 0.001). The ESST and IAT demonstrated a moderate negative relationship (r = 0.65, p < 0.001). As expected, faster T-Test times were associated with faster IAT times. In addition, faster T-Test and IAT times were associated with greater distance covered laterally in the ESST.
DISCUSSION
The purpose of this study was to establish a standardized means of testing the ESST, T-Test, and IAT as reliable measures of agility in a nondisabled population of SMs and to determine the need for multiple tests when [16] . The series of agility tests specifically selected for this study were low-cost, clinically friendly, and each assessed different agility movement characteristics. The ESST assesses frontal plane agility by measuring the amount of distance covered within a 4 m course in 10 s. The T-Test assesses biplanar (frontal and sagittal) agility by assessing how quickly an individual completes a course shaped as a "T" that includes forward, backward, and lateral movements and four changes of direction over a 40 m course. The IAT assess multiplanar agility by assessing how quickly an individual is able to complete a course consisting of a prone to standing transfer, multiple forward movements, three 180 turns, and forward weaving through stationary cones over a 60 m course. The study results found that significant differences did not exist between ESST, T-Test, and IAT performance when administered twice in a single session and repeated a second time in a 24 to 48 h period, indicating that a learning effect did not occur with this population. All participants were read precise verbal instructions by rater 1, were shown a picture of the course, and had a chance to view rater 2 walk each test to ensure that they understood the test pattern without gaining an advantage for potential movement strategies. We did not include a practice run or test run of the tests because we wanted to eliminate accumulative effects of fatigue from becoming a factor on later trials. Therefore, we felt the tests were explained thoroughly and were simple to follow, making test familiarity a nonconcern. Additionally, there were no differences found between the first and second trials on day 1 or between days 1 and 2, eliminating the concern of test familiarity.
The interrater reliability of the ESST, T-Test, and IAT was excellent, suggesting that different clinicians, with a standardized set of written verbal instructions and consistent training, can administer these tests with confidence that their scores are precise and accurate. The implementations of the tests require simple equipment such as cones, tape, stopwatch, and counter. However, we found that the instructions, implementation, and interpretation of these tests were not consistent in the literature. The standardization of the test instructions and training of the raters are common practice with all performance-based outcome measures and, in conjunction with the design of each test, most likely contributed to the high inter-rater reliability.
The test-rest reliability of ESST, T-Test, and IAT was moderate to good for this population, indicating that all three tests were stable when no appreciable change over time has occurred. It is highly unlikely that an appreciable change in function could have occurred between a 24 to 48 h period in this group of nondisabled active males. The tester team, procedures, time of day, and environment remained consistent for each participant on both testing days. Fatigue was an unlikely source of error considering this population consisted of young, fit, highly trained SMs who perform physical training at least 5 d/wk for 60 to 90 min [28] . Personal factors such as motivation to improve performance, which is common in this highly competitive population, were not accounted for and may have affected the test-retest reliability.
The SEM for the ESST, T-Test, and IAT was small because of the homogeneity of the group with respect to age, sex, fitness level, and physical occupational demands. The responsiveness or MDC of the ESST, TTest, and IAT represents the minimum amount of performance improvement required to detect or demonstrate true change in agility capabilities for nondisabled fit males between the ages of 18 and 40 years. These results provide both a criterion and numeric goal for this population who are interested in measuring or enhancing agility for sport or tactical performance as well as quantifying changes in the clinic.
The moderate correlation between the ESST, T-Test, and IAT was expected because all three tests measure the construct of agility with components such as balance, posture, coordination, power, and speed. If two or all three tests' r-values were greater than 0.90, we would have to consider the value of having a person perform more than one test of similar construct. But since each test assesses a different aspect of the construct of agility with regard to direction, distance, timing, and planes of motion, the assumption would be that each test evaluates different muscle groups and movement strategies. As a result, each test could be considered a unique stand-alone measure of agility, or when performed together as a series, the combination of performance could be considered a total assessment of higher-level mobility.
For the purposes of clinical application, the order in which the clinician administers the agility tests could follow the suggested rehabilitation protocol that sequentially advances toward high-level activity and athletic performance [32] [33] . Sherry and Best found that a rehabilitation protocol progressing from frontal and transverse plan motion in the first phase of healing to transverse and sagittal movements at velocities and intensities similar to competition during the second phase of healing was more effective to returning injured athletes to sport after a hamstring injury [34] . Therefore, we believe that our test sequence where the movement direction progresses from frontal plane to sagittal and frontal plane and concludes with sagittal and transverse plane movements promotes a comprehensive assessment of agility without redundancy. The ordering of agility tasks may be of interest in future studies.
The homogeneity of our subject population could be considered a study limitation. Future studies should include female SMs. Another study examining athletes from a variety of sports to determine the value of these tests with respect to the sport, position, and possible training and conditioning programs would be of interest to players and coaches. Likewise, sports medicine clinicians and trainers could use these tests to quantify recovery after injury in athletes if a baseline performance has been established. The results of this study may also help with goal-setting and treatment approaches that more closely relate to a specific sport or activity for the tactical athlete during the rehabilitation intervention. In addition, we believe these tests will provide clinicians with a battery of outcome measures that assess agility in different planes of motion that could help to determine readiness to return to a particular sport or activity. These tests could establish benchmarks of agility for the SM or athlete and help identify where deficits in movements in different planes of motion may exist as compared with their peers in order to help guide their strength and conditioning program. Lastly, future research should examine the use of these reliable agility outcome measures as clinical tools to help determine return to AD and/or return to sport following the rehabilitation of a lower-limb injury.
CONCLUSIONS
To date, the T-Test has been one of the few performance-based functional measures in sports medicine with established psychometric properties. We were able to establish the reliability of the T-Test, ESST, and IAT in a population of male SMs by developing standardized instructions and implementation methods. The T-Test, ESST, and IAT were found to be reliable measures of agility in nondisabled fit AD male SMs between the ages of 18 and 40 yr. Establishing the reliability of these additional measures provides the clinician with a clinical tool that assesses uniplanar, biplanar, and multiplanar movements, thus creating a comprehensive assessment of agility. Finally, the measurable values presented for each test may be used as reference data for clinicians and other fitness professionals who work with this population. 
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